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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide projection images without 
distortion regardless of the positions of an image projection device and a 
screen and to increase the degree of freedom of installation by measuring 
the distortion amount of the projection images beforehand by the 
projection of a test pattern and performing correction in projecting picked- 
up images by the correction data. 

SOLUTION: Arrangement is performed so as to parallel the optical axis of 
an image pickup lens 4 and the normal line of the screen 1 and the test 
pattern is outputted and displayed at a liquid crystal panel 7 by an LCD 
driving circuit 14 and projected on the screen 1. The image of the test 
pattern is photographed by a CCD area image sensor 5a, A/D converted 
and then inputted to a pattern extraction circuit 1 1. an image processing is 
performed and the image data of the test pattern are extracted. The 
distortion amount is obtained by an arithmetic operation in a CPU 13 and 
distortion correction data are stored in a memory 1 2. The image data 
picked up by the image sensor 5a are digitized, inputted to a distortion 
correction circuit 1 6. corrected based on the correction data of the 
memory 1 2, then D/A converted and displayed at the liquid crystal panel 7 
by the LCD driving circuit 14. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this tremslation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An image generating means to generate the image of a basic pattem, and an image projection means to project 
the image generated with this image generating means on a screen, A measurement means to measure the amount of 
distortion to said generated image of the basic pattem image in the image picturized by image pick-up means to 
picturize the image projected on this screen, and this image pick-up means. Image projection equipment characterized 
by having an image amendment means to amend the image projected by said image projection means according to this 
amount of distortion. 

[Claim 2] Said basic pattem image includes the parallel segment of the pair of the same die length arranged at either [ at 
least ] the vertical direction or the longitudinal direction. The difference of the die length of the segment of said pair, 
Image projection equipment according to claim 1 characterized by performing amendment by said image amendment 
means based on said amount of distortion per unit interval of said vertical direction acquired from a ratio with spacing 
of the segment of said pair, or a longitudinal direction. 

[Claim 3] Said image generating means is image projection equipment according to claim 1 or 2 characterized by 
having a detection means to detect the image which is made to blink said basic pattem, is made to generate, and is 
blinked in said image pick-up image as an image of said basic pattem. 

[Claim 4] The direction of the optical axis of said image pick-up means is image projection equipment according to 
claim 1 to 3 characterized by being adjustable. 

[Claim 5] Said image projection means is image projection equipment according to claim 1 to 3 characterized by having 
a liquid crystal panel and the light source. 

[Claim 6] Said image pick-up means is image projection equipment according to claim 1 to 3 characterized by being the 
image sensors which consist of a pixel which performs photo electric conversion. 

[Claim 7] Said image pick-up means is image projection equipment according to claim 1 to 3 characterized by the thing 
switchable so that the optical axis may become perpendicular to said screen side or the image side which should be 
picturized. 

[Claim 8] Said basic pattem is image projection equipment according to claim 1 to 3 characterized by being a rectangle. 
[Claim 9] The projection image-distortion amendment approach characterized by to amend distortion of the image 
which projects the image of a basic pattem on a screen, picturizes the projected image with an optical axis almost 
parallel to the normal of a screen, detects the image of said basic pattern from the picturized image, measures the 
amount of distortion of the this detected image and the image of said basic pattem, and is projected on said screen based 
on this amount of distortion. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the image projection equipment which carries out expansion projection 
of the image by the video signal containing image information, and relates to the image projection equipment which can 
amend automatically distortion of the image at the time of projection especially. 
[0002] 

[Description of the Prior Art] In image projection equipment like the projector which projects a video signal generally, 
when carrying out expansion projection of the image by the projector, in order to project an image without distortion, it 
is necessary to install a screen and a projector so that the optical axis B of the projection optics of the normals A of 
plane of projection, such as a screen, the optical axis of a projection lens, a liquid crystal panel, etc. may become 
parallel. 

[0003] That is, when projecting a square image on a screen 1 by the projector 20 as shown in drawin g 5 for example, the 
image with which the optical axis B of the normal A of a screen 1 and the projection optics of a projector 20 is projected 
when parallel ( drawin g 5 (a)) is a square which is an original configuration ( drawin g 5 (b)). 

[0004] On the other hand, the normal A of a screen 1 and the optical axis B of projection optics will not be parallel, for 
example, the configuration projected on a screen 1 when the optical axis B has turned to the upper part ( drawing 5 (c)) 
will have the long surface, the lower side will deform into short trapezoidal shape, and it will be projected ( drawing 5 
(d)). 

[0005] This is because the above-mentioned normal A and an optical axis B are not parallel case [ like for example, 
above-mentioned drawing 5 (c) ], so the range to the screen 1 of a projection beam of light is as long as the upper part, a 
lower part becomes short and the amount of expansions of a projection image changes with projection locations of the 
vertical direction of a screen 1 . 

[0006] in order to avoid such a condition the core of plane of projection-ed — receiving — the optical axis of a 

projection lens ~ relative — up and down ~ a shift ~ there is movable projection equipment etc. 

[0007] 

[Problem(s) to be Solved by the Invention] however, a projection lens - the core of plane of projection-ed - receiving ~ 
relative - up and down - a shift - in the case of movable equipment, a liquid crystal panel etc. is larger than that of 
plane of projection-ed beyond the need, and the image circle of a projection lens must be carried out, therefore a 
projection lens must become large, and equipment must also be enlarged. 

[0008] Moreover, a projector may be unable to be installed so that the above-mentioned conditions may be satisfied by 
various constraint. That is, if the location in which such projection equipment is installed is restricted, projection 
equipment and the location of a screen may be unable to be positioned appropriately. It must see in many cases, putting 
up with an image with distortion after all from such a thing. 

[0009] Then, this invention aims at offering the image projection equipment which can acquire the projection image 
which was made in view of such a situation and does not have distortion regardless of the physical relationship of image 
projection equipment and a screen 1 . 
[0010] 

[Means for Solving the Problem] An image generating means by which the purpose of above-mentioned this invention 
generates the image of a basic pattem. An image projection means to project the image generated with this image 
generating means on a screen, A measurement means to measure the amount of distortion to said generated image of the 
basic pattem image in the image picturized by image pick-up means to picturize the image projected on this screen, and 
this image pick-up means, It is attained by offering the image projection equipment characterized by having an image 
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amendment means to amend the image projected by said image projection means according to this amount of distortion. 
[001 1] Moreover, based on said amount of distortion per unit interval of said vertical direction acquired from the ratio 
of the difference of the die length of the segment of said pair, and spacing of the segment of said pair, or a longitudinal 
direction, amendment by said image amendment means is performed including the parallel segment of the pair of the 
same die length by which said basic pattern image has been arranged at either [ at least ] the vertical direction or the 
longitudinal direction. 

[0012] Furthermore, blinked said basic pattem, it was made to generate, and said image generating means may be 
equipped with a detection means to detect the image currently blinked in said image pick-up image as an image of said 
basic pattem. 

[0013] Moreover, said image projection means is equipped with a liquid crystal panel and the light source, said image 
pick-up means are image sensors which consist of a pixel which performs photo electric conversion, and, as for the 
direction of the optical axis, it is desirable that it is adjustable. Furthermore, the optical axis of said image pick-up 
means is switchable so that it may become perpendicular to said screen side or the image side which should be 
picturized. 

[0014] Moreover, as for said basic pattem, it is desirable that it is a rectangle. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. However, the technical 
range of this invention is not limited to the gestalt of this operation. 

[0016] Drawin g 1 is drawing for explaining the outline perspective view of the image projection equipment conceming 
the gestalt of operation of this invention, and its busy condition, each which the CCD (charge-coupled device) camera 5 
is attached in the arm 21 prolonged from the body 20 of image projection equipment in draw ing 1 , and is tumed in the 
direction of a screen 1 and a stage 6 - it is rotatable in between a location A and locations B. This CCD camera 5 equips 
the focal location of the image pick-up lens 4 attached in it with the CCD area image sensor by which the photo-electric- 
conversion pixel has been arranged in the shape of a field. Moreover, instead of a CCD area image sensor, the CCD 
linear image sensors with which the photo-electric-conversion pixel has been arranged at the line can also be used. 
[0017] A photography object like a manuscript is placed and it is picturized with CCD camera 5 arranged in the location 
B by the stage 6. This picturized image is projected on a screen 1 through the projection lens 3. The body 20 of image 
projection equipment has tumed to the upper part, and when the normal A of a screen 1 and the optical axis B of the 
projection lens 3 are not parallel, distortion arises in the image 2 projected as mentioned above, so that it may be shown 
at this time (c), for example, drawing 5 . 

[001 8] Then, in this invention, distortion of an image is amended based on a principle which is explained below. 
Drawing 2 is drawing for explaining the principle of this invention. 

[0019] As shown in drawing 2 (a), the image projected on the screen by the projection optics which consists of a 
projection lens 3 is picturized according to the image pick-up optical system which consists of an image pick-up lens 4 
and CCD camera 5. 

[0020] It is necessary to make the optical axis C of this image pick-up optical system into the normal A of a screen 1 at 
parallel at this time. It is because the image distorted and projected on the screen 1 by image pick-up optical system will 
be distorted again and will be picturized, if the optical axis C of image pick-up optical system and the normal A of a 
screen 1 are not parallel. 

[0021] However, if the angle which the optical axis C of image pick-up optical system makes with Normal A is smaller 
than the angle which the optical axis B of projection optics makes with the normal A of a screen 1 even if not 
completely parallel, when it is difficult to make parallel completely the optical axis C of image pick-up optical system, 
and the normal A of a screen 1, the fixed amendment effectiveness can be acquired with an amendment means to 
mention later. 

[0022] Next, the bent image (for example, a trapezoid like drawing 5 (d)) picturized by doing in this way is compared 
with the original image (square). And the amount of distortion to the original image of the bent image is measured, the 
original image is amended according to the amount of distortion, and the amended image is projected. 
[0023] Specifically, it is based on the following approaches. For example, the image of a simple graphic form like the 
square centering on the optical axis B of the projection lens 3 is projected on a screen 1. A screen 1 is up to the optical 
axis B of the projection lens 3, and when not parallel, as the normal A of the optical axis B and screen 1 mentioned the 
image of the above-mentioned square above, the surface serves as trapezoidal shape longer than the lower side. 
[0024] That is, a gap of the vertical direction of a screen 1 and the projection lens 3 appears as a difference of the die 
length of the surface of the square above an optical axis B, and the lower side of the square below an optical axis B. And 
the difference of the range to the screen 1 of the projection beam of light in optical-axis B a top and the bottom becomes 
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large a forge fire, so that it goes to the upper part or a lower part, and the difference in the upper limit and lower limit of 

an image becomes the largest. 

[0025] Therefore, from a gap of the vertical direction, the variation per unit interval in the vertical direction can be 
calculated from a ratio with spacing of the difference of the die length of the surface and the lower side, this surface, and 
the lower side. Furthermore, it can calculate with the distance from a location (for example, location including the 
segment which crosses the core of a location with the square lower side, or a square) with predetermined criteria die 
length, the variation of distortion, i.e., amount, of die length of the vertical direction to predetermined criteria die length. 
[ of each location (scanning line) ] 

[0026] On the other hand, a screen 1 may shift to right and left to the optical axis of the projection lens 3. In this case, a 
difference arises to the die length of square left part and the right-hand side like and the amount of distortion of a 
longitudinal direction can be measured by comparing that difference. 

[0027] Therefore, only in the case of a longitudinal direction, it is [ that the configuration of a test pattern 2 does not 
need to be a rectangle like / when measuring the amount of distortion of only the vertical direction / a square, and should 
just be two segments which have the same die length put in order up and down ] sufficient if it is two segments which 
have the same die length put in order by right and left. Moreover, since it becomes the conditions of the configuration of 
a test pattem 2 that each die length of the surface, the lower side and left part, and the right-hand side is equal when 
measuring the amount of distortion of both the vertical direction and a longitudinal direction, it is not restricted to a 
square, but especially the configuration may be a rectangle etc., and two pairs of segments are put in order separately, 
respectively, and may be in it. 

[0028] From the amount of distortion obtained as mentioned above, amendment image data is calculated by a linear 
interpolation method etc., for example. 

[0029] And as shown in drawing 2 (b), when it projects for example, a trapezoid image contrary to the trapezoid of 
drawin g 5 (d) from which an image becomes a square is copied out on plane of projection-ed, and it is projected on a 
screen 1 . Thus, an image without distortion can be projected by measuring the amount of distortion of tihe image 
projected beforehand, and projecting the image amended according to the amount of distortion. 
[0030] Drawin g 3 is the block block diagram of the image projection equipment of this invention. First, CCD camera 5 
is rotated to the direction of the location A shown in drawin g 1 , and it arranges so that the optical axis C of the image 
pick-up lens 4 and the normal A of a screen 1 as shown in d rawin g 2 may become parallel. In such a condition, the 
output of the pattem generating circuit 1 8 is chosen with a changeover switch 17, and the test pattem 2 for obtaining 
amendment data is generated. 

[0031] The pattem generating circuit 18 is a circuit which generates the image data of the simple graphic form which 
can calculate easily the amount of amendments of for example, the vertical direction, for example, a graphic form like a 
rectangle (a square is included). 

[0032] The generated test pattem 2 passes through the distortion amendment circuit 16 later mentioned by no 
processing, and it is indicated by the output by the LCD (liquid crystal display) drive circuit 14 via the D/A conversion 
circuit 15 at a liquid crystal panel 7. Furthermore, a test pattem 2 is projected on a screen 1 by the projection lens 3 and 
the light source 8. 

[0033] If the screen 1 is located more nearly up than the projection lens 3 at this time, the image which is the square test 
pattem 2 as mentioned above will deform into trapezoidal shape like drawing 5 (d), and will be projected on a screen 1. 
[0034] Next, the image of the test pattem 2 which deformed is photoed by CCD area-image-sensor 5a with which CCD 
camera 5 turned to the screen 1 was equipped. Via the CCD readout circuitry 9, the picturized picture signal is changed 
into a digital signal by the A/D-conversion circuit 10, and is inputted into the pattem extract circuit 11. 
[0035] In the pattem extract circuit 1 1, the image processing for extracting the image data of only the test pattem 2 
contained in the above-mentioned digital signal is performed. In order to remove background images other than the 
image of a test pattem 2, blink a test pattem 2, it is made to generate, and, specifically, the image data of only a test 
pattem 2 is extracted by carrying out difference of the image data at the time of lighting of a test pattem 2, and the 
image data at the time of putting out lights of a test pattem 2. 

[0036] And the amount of amendments for amending the amount of distortion of the image data of the extracted test 
pattem 2 and its distortion is calculated by CPU 13 based on the principle of above-mentioned this invention, and the 
distortion amendment data is memorized in memory 12. 

[0037] After memorizing the amount of amendments in memory 12, CCD camera 5 is arranged in the locafion B of 
drawing 1 , and the image pick-up object which wants to actually project the image pick-up object placed on the stage 6 
on a screen 1 is photoed with CCD camera 5. Or the image data of not only the image of the image pick-up object on a 
stage 6 but the video signal from the outside can be inputted by changing a changeover switch 19 like a video input 
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terminal 

[0038] Next, the image data inputted from the outside by the image data or changeover switch 19 picturized by CCD 
area-image-sensor 5a is changed into a digital signal by the A/D-conversion circuit 10. At this time, a changeover 
switch 17 is changed so that the digital signal from the A/D-conversion circuit 10 may be chosen, and a digital signal is 
inputted into the distortion amendment circuit 16. 

[0039] In the distortion amendment circuit 16, the above-mentioned amendment data memorized by memory 12 are 
read, and the image data which is a digital signal is amended based on these amendment data. The amended image data 
is changed into an analog signal by the D/A conversion circuit 15, and it is indicated by the output by the LCD drive 
circuit 14 at a liquid crystal panel 7. The trapezoid of the configuration where the surface as shows the amended image 
to drawin g 5 (d) is short and where the lower side is contrary to the long above is displayed. On a screen 1 , it will be 
projected as an image of a square without distortion by projecting such a graphic form according to the projection lens 3 
and the light source 8. 

[0040] Drawin g 4 is a flow chart for the gestalt of this operation to perform. First, since the amount of amendments of 
an image changes with physical relationship of image projection equipment and a screen 1, the data memorized by the 
storage memory 12 for amendment data are eliminated beforehand (step SI). And it is installed in a location with image 
projection equipment, and whether it is positioning it produces [ positioning ] distortion of a projection image 
determines whether distortion is amended or not before projection of an image pick-up object (step S2). 
[0041] When amending distortion, the image pick-up lens 4 is turned in the direction of a screen 1, and the normal A of 
a screen 1 and the optical axis C of an image pick-up lens are made parallel (step S3). Next, by the pattern generating 
circuit 18, a predetermined pattern is generated and it is projected on a screen 1 (step S4). And the projected image is 
picturized with CCD camera 5 through the image pick-up lens 4 (step S5). 

[0042] The picturized test pattern is extracted by the pattern extract circuit 1 1 (step S6). Furthermore, the operation of 
distortion amendment data based on the amount of distortion and it by comparing the extracted image with the original 
pattern by CPU 13 is performed (step S7). And the called-for amendment data are memorized by memory 12 (step SB). 
[0043] Thus, when amendment in step S2 does not have to be carried out after amendment data are obtained or, the 
image pick-up lens 4 is turned to the image pick-up object on a stage 6 (step S9), and an image pick-up object is 
picturized (step SIO). And based on the amendment data which were able to obtain distortion of the picturized image, 
the image amended and (step SI 1) amended by the distortion amendment circuit 16 is displayed on the liquid crystal 
panel 7 which is plane of projection-ed. The displayed amendment image is irradiated by the light source 8, and is 
projected on a screen 1 through the projection lens 3 (step SI 2). 
[0044] 

[Effect of the Invention] When projecting the image picturized by projecting a test pattern, measuring the amount of 
distortion of the projection image beforehand, and making the amendment data memorize according to this invention as 
explanation was given [ above-mentioned ], an image without distortion can be projected. 
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si^j^tmajcs-^v^Tffltiiroai^^^^SrMiE-f-s, iii-2 

[00 19] 112 (a) {CtfI-J: g^U:^X3 7!)» 

?3 5 J; o T ;^ y - V ics^ $ ttfc®^ 

>X 4 StJf C C D * y 7 5 P> 2)^^^^^ 

[0 0 2 0] ro»^^^^ro3tl4CS:^^ 
y-VirofeilSAtJpfftr-rSiK.iliSfoS. ti«3t^^ 
cDTtttC i y -v 1 ofellA t ;isq2fi'T-/iim(i. 

S^7t^?^lCj;oT, y-Vl(cM«)ibtlTS^^ 

[0 0 2 1] fcfc'L, «^3t^^ro3feWCt^^' y-> 

y-^-KTjffi^At/i-r^ftj;*), a^3t^^(o^tec 

20 3jsSi^Ai:/jr-r^|/i5/j>${tti,«, ^iEi-SME^J^jr J; 

(00 2 2]<!>:1C. roj; 5icLTJi^-^^fc^A.f£® 
« (eijx«*l2l5 (d) (Di.oti-^m) TCW®^ (IE 
b\mrt^o ^LT, •?:WliA/fc*®^»jc(D®^ 

[0 0 2 3] tATroJ; P'ilfr^twiSo m 

y— VI (cfe]Ku:^X3W3tttBSr4''L^i: b 

30 yy<3(0^mBI,zM\^X:^i^ ])—>'lii^±mch^X. 

^(D^i^B t D —> 1 <D&m.A tfii^nx'f£\^^m 

[0 0 2 4] gn*>. y-i^i tS]^wvX3c^±T 

BJ:i)Tfl!J(^jE:trfl^«Tiacofi$roMt Lxm^xSo 
L T , B ±{RiJ t T W CI *3 tt >^ ^ y - 

t'±^<t£<o. miSL<D±mtrmtx'<Dmimhiz^ < 

[0 0 2 5] t*oT.'±T*rSl(73-ftL(C*fLT«< ±i22 
[00 2 6] y->li!)SS^U>'X3(03tW 
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5 

[0 0 2 71 t^oT. hy<^-y2mmii. -hT 
if-e*>oT't,J;< , ,2*f(Z)|ft5)-!j5^ti,^tLSiJ>*{c 

[0 0 2 8] ±m(DXoicLx%hrifcm?^mA^ib, m 

[0 0 2 9] ^ LT. ^Jx.(f. 11 2 ( b ) IZTji-rX 0 
(d) (0-^ff$i:iiS5<0-&ff^(Diii^5r^ft^Et;:¥LaiL, 

[ 0 0 3 0 1 0 3 tt*5IPJ«M^S^^eoya 

^IHT'fcSo *-f> CCD*^^5"?r, HI 1 iC^-Tfi* 

c i >; — > 1 wjiii A i ;^|5^^T^- ''.e 5 J; 9 {-SEB-r 

[0 0 3 1 1 y<^—:^^^m^l 8(±. ^iJx.l4'±T*(^ 

[0 0 3 2] ^^uytx;^ \'^<^—>'2tt. M!&mx^ 

^s*LT, LCD m^Bm^^mm.) mmm^i 4izx 

^ - 2 w 3 SU5)t2S 8 (c J; t) X y - V 1 

[0 0 3 3] y-:^l /J5g^U'>'X3 i 

7^^.|,,s-^_V2-t?fc5iii^ttia5 (d) Oi^'iC^JI^ 

[0 0 3 4] y-Vl lC|S)tte>tl.fcCCD;<7 

5lc:'(ii;tibtt/cCCD3i!J T-fv^ — v'-fevf-s ate: 

*^$tlfc®^ff-§-|4> CCDgE^ttiL[HlSS9^g*L 
A/D^^[hIS§1 OCiiOT'v'^'/Ht-^lC^t^^ 



(4) 

6 

[003 5] ''<9-l^mmm^ 1 1 T-f4, ifExi^^/U 

It-^tc-^Sn^T"^ K/>^'->-"2«;^^Oili^f^-^'^a 

If. T^x h — 2^ ^,ilS**T^^$-1i:, xx hv< 

^-V2cD,*r:):TB#coa^x — ^ t-r';^ h^<^~-y2(Dm 
iTBt(7Djii^x — ^?:S5)-rS^i:r'7^X h/^i? — >'2(D 

[0 0 3 6] -eUT, tttb$tvfc7"X h/-?^-:^2roM 

[0 0 3 7] 1 2(rM]E»Sr|BttUfc«, CCD 

. *|-*i^^CCD;«;;^7 5(CJ;i!)aH^i-5, 3H4> K'.t';^ 
t(c<to-c. XT^-v^eifOit^^f^ii^opi^to^fie) 

[00 3 8]?>ClC, CCD31!; T-r^— i>-fe>-1^5 a 

x^xmik^ntcmi^'f-'^xi-im'omx.y^^ -y^^ i 9 

1^ 1 0 (ci 19 r'v^^/wW-^-tc^il^ttSo r i: # . ^ 

'9#x.;^'1'-y^l 7i4> A/D^l^lElSSl 0^^ib(^7*C^ 

HM^ffiiElE]^ 1 6 [cAt}^ti?>o ■ 

[ 0 0 3. 9 ] 3i;?(^ffijE[Higs 1 6 x-n. ^ ^ y 1 2 (cieti 

yfi#(c:^lfe$ti; L C DigftlHlgS 1 4 »c J: ►) ;^rB 
/■<^^/i'7icttl;'3«*$ti5o «]E^tifciif^(4. mx. 
(i. 1215 (d) (C^-f J:5^i±i21y4SM< J.oTi22;ei5:ft 

M^. S^u->'X3St/3tjlS8(cJ:oTlgJ^1-Sr 
[0 0 4 0] ll4(4:*:||Jife<^Ji^^(Z)||ff1-5fc«)«7o 

t (o{iLm.mm\c <t o xmm<DmiEmit.m^£?>(r)X\ «ie 

x-^ffllEtt^^y 1 2(riElt$tiTV>5T'-^5rfcb 
;!i-C*m*LT:fc< (Xt^^/^SI) , -^rLT. M^S 

(XT^y^S 2) „ 

[004 1] m^(DmiE=tnom^a. »^u->X4 5r 

y— >i <75;^i^]--[S](t< y-^i ro&^Ai:« 
50 ^U-vXtD^ttCt^rWl-fS (^x-^'T'S 3) o S!>: 
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[004 21 jxfdT^;^ h^N-^->fi. 

ttilHlggi KcioTttttj^ix?) (;^7^s':rs 6) „ 
\z.\ CPU 1 ajciioT, ttttS^ixfcS^tTcW/-?^ — 

^miE7'~9<r>^m^'^t>fii> C^y-yZfS 7) o 

(;^X5'7°S8) , 

[0 0 4 3] r<Dj;5»CLTttjEv'-;5'«s»5jtlfc^, 

ia^U'>'X4^>'.7^-v'6±0«^*j-^!fel(cr6]tt 

10) o ^L-c, «^$Hfciii^oM^*#?>tbfc«jE 

[0 0 4 4] 



[11121 :$:^B^cDJ^.aSrlfteq-rSfcfe(D|2lT*fcSo 
[m 3 1 s/^«fig0T'fe 

[114 1 :^^m<om^istmmm<r>mnyo—f-^—hX' 

[El 51 S]^®|gwfg;^?rlftM1:S;tJ6©lllT-fc5. 
[iff^wiJiBJl 
1 

2 
5 
6 
7- 
8 

1 1 



13 CPU 

1 6 H^ffiiElHlSg 

1 8 /-^i^-V^^lHlfS 



[mil 



[IS13] 




LCD 




D/A 








mm 
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(6) 



[112] 



[|g|4] 




(b) 




[115] 



{-) 








Sit 



SI 2 



